ABSTRACT. The article discloses the AMS (accelerator mass spectrometry) radiocarbon dating results of the pedunculate oak of Botoşana. Four wood samples were extracted from its trunk. Five segments extracted from these samples were analyzed by AMS radiocarbon. Their radiocarbon dates were found to be between 161 ± 21 BP and 260 ± 20 BP. These values correspond to calibrated ages of 235 -365 years. The dating results extrapolated to the geometric center of the trunk indicate an age of 645 ± 50 years for the oak of Botoşana.
INTRODUCTION
The pedunculate oak (Quercus robur L.), also called European oak or English oak, belongs to the family Fagaceae and is native to Europe, western Asia and northern Africa. This upright, columnar tree is typically 20-30 m tall, in exceptional cases reaching 40-50 m, and has a diameter up to 3-4 m [1, 2] . The pedunculate oak is considered one of the most long-lived European trees.
In 2005, we started a long term research for elucidating several controversial aspects concerning the African baobab. The research is based on our new approach which enables to investigate and date standing live specimens. This approach consists of AMS radiocarbon dating of tiny wood samples collected from different areas of such trees [3] [4] [5] [6] [7] [8] . We extended our research by also investigating individuals which belong to other angiosperm species, including trees from Romania.
Romania hosts several trees which have reached large dimensions and old ages. We investigated and dated by radiocarbon some remains of the historic oak of Ţebea [9] , the large pedunculate oak of Cajvana [10] , the old black poplar of Mocod and the big grey poplar of Rafaila [11] , and the old ash of Aiton [12] .
Here we present the AMS radiocarbon dating results of another old Romanian tree, namely the pedunculate oak of Botoşana.
RESULTS AND DISCUSSION
The pedunculate oak of Botoşana and its area. The large oak is located in the garden of a privately-owned house in the commune Botoşana, Suceava county, at 37 km W of Suceava, in the north-eastern part of Romania. Its GPS coordinates are 47º40.690' N, 025º56.52' E and the altitude is 488 m. The mean annual rainfall in the area is around 579 mm (Suceava station). The oak of Botoşana is located at only 4 km SW from the pedunculate oak of Cajvana which is the largest and oldest oak in Romania.
The oak of Botoşana has today a maximum height of 22.5 m with a broken top and the circumference at breast height (cbh; at 1.30 m above mean ground level) is 9.14 m. Its circumference at ground level is 9.38 m, reaching a maximum value of 10.45 m at the height of 2.80 m. The calculated overall wood volume is 55 m 3 , out of which the trunk has 40 m 3 .
The very irregular trunk has many sinuosities. Seven primary branches emerge from the trunk at different heights, some of them having diameters up to 1 m. The horizontal dimensions of the remaining canopy are 18.3 (NS) x 21.2 (WE) m. A photograph taken around 1900 shows that the height of the oak exceeded 30 m and it had a much larger canopy. The tree was struck by lightning in the first half of the 20 th century. The oak is in a state of decline which started more than a century ago. It has many dry branches and it is suffering from a complex disease called "chronic oak dieback or decline". In this disease, several biotic and abiotic agents interact and bring about a severe deterioration of the tree condition [13] AMS results and calibrated ages. Radiocarbon dates of the deepest segments extracted from the four samples and also of another segment of sample 4, are listed in Table 1 . Radiocarbon dates and errors were rounded to the nearest year. Radiocarbon dates are expressed in 14 C yr BP (radiocarbon years before present, i.e., before the reference year AD 1950).
Calibrated (cal) ages, expressed in calendar years, are also shown in Table 1 . The 1-σ probability distribution was selected to derive calibrated age ranges. For the oldest sample segment 4b, the 1-σ distribution corresponds to one range of calendar years. For the other four segments, the 1-σ distribution corresponds to three or four ranges of calendar years. For these segments, the confidence interval of one range is considerably greater than that of the others; therefore, it was selected as the cal AD range of the segment for the purpose of this discussion. For obtaining single calendar age values of sample segments, we derived a mean calendar age of each segment from the selected range (marked in bold). Calendar ages of segments represent the difference between AD 2018 and the mean value of the selected range, with the corresponding error. Calendar ages and errors were rounded to the nearest 5 yr. Depth in the wood from the sampling point. 2 Height above ground level.
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Dating results of samples (segments).
The deepest part/end of the collected samples, i.e, 1a, 2a, 3a and 4b, have radiocarbon dates between 161 ± 21 BP and 260 ± 20 BP. These values correspond to calibrated ages between 235 ± 20 and 365 ± 10 yr.
The calibration, namely the conversion of radiocarbon dates into calendar ages, can be discussed in particular cases. Thus, the calibration of wood samples with calendar/dendro ages in the time frame AD 1640 -1950 shows some uncertainties. In such cases, the calibration of one radiocarbon date may result in up to four, five or six calendar age ranges. This is due to the so-called "Suess effect", which expresses the significant variation of the atmospheric radiocarbon concentration due to the combustion of fossil fuels [14, 15] .
Age of the oak of Botoşana. The radial increment of trees, measured by the radial growth rate, is typically influenced by the tree species, tree age, biological and genetic properties, environmental conditions, climatic factors, water table, etc. [16] . The pedunculate oak is one of the species for which the mean annual growth rate of an individual over several decades shows relatively constant values. Therefore, the radial increment is a parameter which can be used for the age determination of oaks.
For establishing the age of the investigated oak, we calculated the distances of the oldest dated segment, i.e., 4b, to the bark and to the geometric center of the trunk, respectively. Next, we extrapolated the age of this segment to the geometric center, by considering that the mean growth rate was almost constant. Sample 4 was collected at a height of 2.10 m, where the circumference of the trunk is 8.64 m and the bark thickness 0.05 m. These values correspond to a diameter inside bark of 2.72 m and a related radius of 1.36 m. The sample segment 4b originates from a distance of 0.77 m from the bark and 0.59 m from the geometric center. By extrapolating its age of 365 yr to the geometric center, we obtain an age of 645 yr. Calculations for the other deep segments 1a, 2a and 3a yielded similar values, hence showing that the geometric center and the true pith of the trunk, at this height, are very close to one another.
The radiocarbon dating results and their extrapolation to the pith indicate and age of 645 ± 50 yr for the investigated oak. One can state that the oak of Botoşana started growing around the year AD 1375, more precisely in the time frame 1325 -1425.
CONCLUSIONS
Our research presents the AMS radiocarbon dating results of the pedunculate oak of Botoşana. The main aim of our investigation was to determine the age of tree. Four wood samples were collected from its trunk.
Five segments were extracted from the samples, including their deepest ends, processed and then dated by AMS radiocarbon. The five segments have radiocarbon dates between 161 ± 21 BP and 260 ± 20 BP, which correspond to calibrated ages between 235 ± 20 and 365 ± 10 yr. These results, extrapolated to the geometric center of the trunk, indicate an age of 645 ± 50 yr for the investigated oak of Botoşana.
EXPERIMENTAL SECTION
Size measurements. The height of the oak was measured using a Bosch DLE 70 Professional laser rangefinder. The circumference at different heights was measured with graduated tapes. The volume was calculated from laser measurements of the trunk and of large branches at different heights.
Sample collection. The four wood samples were collected with a Haglöf CH 800 increment borer (80 cm length, 0.54 cm inner diameter). A number of four tiny pieces/segments of the length of 0.1 cm were extracted from the deepest end of each sample. One additional segment was extracted from sample 4. The segments were processed and investigated by AMS radiocarbon dating.
Sample preparation. The standard acid-base-acid pretreatment method was used for removing soluble and mobile organic components. The pretreated samples were combusted to CO 2 by using the closed tube combustion method. Next, CO 2 was reduced to graphite on iron catalyst, under hydrogen atmosphere [17] . Finally, the resulting graphite samples were analyzed by AMS.
AMS measurements. AMS radiocarbon measurements were performed at the NOSAMS Facility of the Woods Hole Oceanographic Institution (Woods Hole, MA, U.S.A.) by using the Pelletron ® Tandem 500 kV AMS system. The obtained fraction modern values, corrected for isotope fractionation with the normalized δ 13 C value of -25 0 / 00 , were ultimately converted to a radiocarbon date.
Calibration. Radiocarbon dates were calibrated and converted into calendar ages with the OxCal v4.3 for Windows [18] , by using the IntCal13 atmospheric data set [19] .
